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A simple procedure for preparing pure salachite ¢reen 
leucocyanide (ss) 
is outlined. the leucocyanide, a elorless salt insoluble in 
mater, vhen Glavclved in tendaing selvente easily untergoes 
ultraviolet photolysis to form the dye typical of malachite 
green, with a suggested quantun yield of wiity. 

Typical indirect effects are observed when acetone, 
benmyl alechol, acetoacestic ester, uethyl alcohol, benzene 
or acetic acid solutions of the lewocyanide are irradiated 
with 200 Kev %«ERays or ) Mev betatron gamma rays. ‘The color 
produced in the irradiated solutions is determined in terns 
ef percent transxission of light of 6100 Angsiron Unite waves 
length, and is compared quantitatively with standard solutions 
of known concentrations of salachite green oxalate in the sol- 
Vonts exployed. Bither acetic acid or dilute hydrochloric 
acid is added to each t-enbte-—centineter sample or color stan 


color 


dard toe stabilise the wptiead—aemecty of the dye formed. 
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Color formation upon irradietion of the leucocyenide in 
dilute solution in bengyl aleohel or acetone wes found to be 
linear with X-Ray dosage from zoro to 8000 Roentgens (r), 
ana in benzyl, aleohol was found not to be eritieally dependent 
upon radiation wavelength, dose rate, wall effects or acid 
content during irradiation. Dye formation was found to be 
dependent upon the concentration of leucocynnide dissolved 
in bengyl alcohol, At the maximum concentration studied, 
0.0525 gram moles of leucocyanide per liter of benayl alechol, 
@ solution dose of 3200 r of “-Rays produced 4,20 micromoles 
of dye per liter, ostinated to be equivalent to an ionic 
yield of 0,5 molecules of dys formed for each lon=pair created 
in the solvent by the absorbed radiation, 

The leucocyanide et this eoncontretion in benzyl alcohol, 
when irradiated with “sRays or gaume reys and the amount of 
color formed read spectronvhotometrically through a one centile 
meter optical path at 6400 Angstroms, possesses 2 radiation 
dose range of 100 r to 20,000 r, £10 percent. 


ou 


mf eSinsyoouel eds te meletbevtt mow wetdoor0? t0l0o 
ed Of dewo? aav SDI" TO Tonloole Iyscedt ak mottuloa adulth 
a(t) anegsneoR 0008 OF ater aontt casaot yer-) Molw coomts 
Snebaoced Uffnottian of of sem hawt wy Rorleole fyenod sh bee 
hos 10 viverre Time yosie exab gitpaetovew motseldor nocw 
o¢ oF bawot aaw notderet ey .cotiataret gatacd trosn0e 
eholbute aoksetiueortes miatinm edt st siacdools [yame of 
efetioate Lyxned to wedkl seq wbiasyoowe! Yo velow Koy 7820.0 
selomow he Of. Seoubom apa to + OUST Ww wsut molsutos 2 
olmoh om OF SmelaTione aS OF Botomitus ~wILE tc oy To 
Segne10 wagenet nde Goh Leriet ow to aeinowfon 240 %w Sfoty 
Chel ebbokienr tedmoadie. eft ys tnetkes writ at 

qleceote Lgited! sth mabteneabenee able $2 ehiewrycouel esti 
20 June e6t bam QyOt aeMAR WO sya Me iy hedatieores! crortw 
ettavo ene a syuonid Ylaplhrteaatertconiosga heer forte? xoloo 
coliathet # coaseneog ,ererdagma OOD ge dveq Lselico wectom 
os  uceanenarae, OAR ge 200,09 ef % 00% ro eRe: ond 


>» oe 


Melachite Green Leucocyenide 
Excitation Studies with Ultraviolet Light 
and 
Highly Ionising Radiations 


A Thesis 
Presented in Partial Fulfillment of tho Requirements 
for the Degree Master of Science 


by 
Henry John Louis Rechen, 3.0.%s, MNeCeTe 
Senior Assistant Senitery Tngineer, USPHS 
The Ohio %tete University 
1951 


Table of Contents 


1 
2 


Glossary of Abbreviations 
Sanbbbhabgiricdesrridnceednten 
Historical 3ackcround 
Theory 
Txperimentation, Ultraviolet Lighte--+-e-+-e----nenn seen LT 
experimentation, ‘X-Ray and Gamma Ray wee) 
Miseussion and Conclusions ween eee en 
Suggested PUture VOrkeennno-enewn nee eee ene 7 
Tabulations I, II, IiIGlossary of Abbreviations 58 
Tebulation Ip-Gehor ‘tandnardte---<--4----n-+- : 59 
Tabulation TI, 4 Mev Betatron Result denen meen nnn a Gl 
Tabulation TIT, 200 Fev Tehay Resul to eemnmnnnennanenmenf] 
Appendix A, Preperation of Malachite Green Leucocyanides66 
Appendix a) Chemical Structure leferencow-----en ene nei 
Appendix ¢, Reagents 70 
B4bD1 ography eninnesebnooninnndeetineeniontenandlt 


Oe le ee ee ete a 5 


ewe wm mew wane 1 if) 


ee 


| catnieitinas dl 


Page No. 1 


8 8 Solvent Mixture: 


Acet Acetone, 


a Malnchite Green Oxalate. 
Malachite Green Leucocyanide, 
—y Malachite Creen Leucobase, 


Seah och 5 Drops acetic ecid per 5 ct. 
5eiCL S Qrops 0,04 NW HCl per 5 oO. 


ov Seft Glass wall containers 
Sw Silicone -Piln' coated containers. 


ces concentration in micromoles per liter. 
(1 mole of malachite green oxalate is 2 moles of dye). 
@f 2 Percent Transmittance at Angstroms, 1.005 om. 
Optics] path, silica absorption sell, compared te deubly 
@istilled water using Beckman Medel & Spectromhotoneters 
AQje 2 @ Percent transmittance ass @ 3 100 at e 8 0,00, 
D @ Optical Density 2 y ® Losio (100/44). 42). 
20, & Weighte? constant 
from color aciaoes yy to Beer's Law. 
i. @ (2um net c/sum 1000r4) 4fie dye yheld in micromoles 
per liter per 1000réd te tne hong irradiated samples. 
rfain, @ Calibreted sir dose of radiation in Roentgens per 


Pr @ Totel cnil>rated air dose. 

4 @ Selvent density in erane ver cubic centineter, 

ra @ Adjusted air dese, r x de 

T # Temperature in degrees Centigrade. 

Age = Number of hours elapsed between mixing end spectros 
photometric reading of color stenderds or irradiated 
samples. 
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The leucocyanides, or more properly the nestonitriles, | 
of the triphenylmethane dyes are highly photosensitive to 
the ultraviolet region of light energies, having an absorpe 
tion coefficient greater than ten thousand et 2700 Angstrom 
Units in one ence (Hel) when in eleoholis solution, with a 
Claimed quantum efficiency of unity in two casos, Upon abe 
sorption of single light quantum, the colorless leucocyenide 
molecule dissociates into a cyanide ion and the highly colored 
Gye ion. It is possible to study the ultraviolet quantum 
yields of dilute alcoholic solutions of these substances by 
colorimetric comprrisons with standard 4ye solutions®, The 
leucocyanide of malachite screen dye is particularly eamene 
able to study because of ita considerable solubility in ale 
most all organic solvente except petroloum other and water, 
end beoause of the fact thet upon photolysis the highly cole 
ored blueegreen dye typierl of mainchite green is produced, 
a aye readily messured quantitatively in solution with a 
spectrophotometer at 6300-6400 Ancstrom unite in the region 


of srestest trenspereney of the perent leucocyenide solutions. 
Although eufficient quantities of malachite creen leuto} 

cyanide of the desired purity could be synthesised only with 

the grestest difficulty, it was desired to study the effect 


The Chio State University, in conjunction with the author, 


expects to sublish in the near future a determination of the 


quantum yield of malechite ereen leucocyanide in methanol. 
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of x-rays and ganme rays upon solutions containing the leucsce 
cyanide, in order to observe the degree to which 9 stable 
colored product is formed in the solutions by absorption of 
the highly ionizing radiations, Although it is felt thet a 
etudy of the theoretical considerations involved is of create 
est importence, the possibitlity that such se system might be 
developed to produce a relieble chemical dosimeter for highe 
ly ionizing penetrating radiations can not be ignored. 

In order to accomplish the above objectives, the studies, 
severely limited by lack of time to pursue each serendipitous 
event, were confined to three major approaches: 

{e) The development of a simplified and relatively 
repid method of producing some grams of colorefree pure mala- 
chite green leucocyanide, It required six weeks of experle 
mentation to shorten a ten week purification procedure to 
two or three days per crem of pure product. The prosedure 
is outlined in detail in Appendix A. 

(>) Qualitative chemicel tests of the nature of malae 
chite green dys, ite leucobase, car>inol, and the leucogyane 
ide in various degrees of purity and in whatever solvents it . 
was anticipated euch knowledge might be useful. Appendix 3 
tabulates the chemicel structures referred to by common 
memes in the text, and oriefly lists their technics] nancs 
and pertinent properties, Additionsl information is also ine 
cluded concernins the solvents investigated. This section of 
the study included qualitative ultreaviolot investigations, a 


close survey of all pertinent literature of the previous 
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half-century, end a determination of spectrophotonetric 
methods to be employed for color mersuremente. 

(oe) when suffeicient loueocyanide wns prepared, the 
xeray and gamma ray investisations were commenced, It 
quickly became apperent thet these tests would consume the 
entire output of the purifiestion procedure, and it was 
necessary to use compound not fully freed of undesirable 
impurities, It must be realized thet until the second series 
of xeray tests was prepared, only two tumdred milligrams of 
the leucoocyanide had been purified and identified, 


It ie most desirable thet malachite green Lougocrenide 
de studied, since it is quite stable in the presence of the 
acids required to stabilize the color of the dye produced 
from it photochemioslly or radiochemically, It is not 
readily oxidised or reduced, even st high temperstures in 
most solvents. The photocheniesl effect (a direct absorption 
process) appears to be quite independent of solvont pu, es= 
pecially if the solvent is rether ecid, Finally, the eompound 
in solution is entirely colorless in vieible licht. The 
recder will quickly find that few other known dye-producing 
chemicals ean boast such an arrer of stable chemicel propere 
tios. 
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 Maleohite Green Leucocyanide (4,4'«tetramethyldiamino 
triphonylocetonitrile) was first reported in 1900 by 


“Hentsseh and Oseweld (H+?) es one of « series of Leucocyane 


44es of the triphenylxethane dye family. the shotechenteal 


properties were originally studied by Lifsechits and Joffe 


about 1920 (Lel)(Le2)(Jel). ‘The erude leucocysnide is easy 
to prepare, fiowever, in order to study ite photolysis and 
photetropy, it is neceesssry to prepare the compound almost 
ebeolutely free of exeess cyenide and treees of the original 
Gye. Varying degrees of success may be found in the liters 
ture, but little research wes done with this compound due to 
the tedious and expensive (as regerds finel yield) methods 
employed for curification. Pfortunntely, Gilutions on the 
orier of one hundred micromoles per liter sre quite suffile 
cient for photochemies] studies, and thus one need only pree 
pere cneetenth of a cram or 50, enough for ensiysia and 
study, In 1935, after « teneveek purificntion showing exe 
treme persistence, Herria, Zaminsky and Simerd (Hel) were 
able to osrry out = complete quantum yield etudy of bota 
erystal violet end maelachite green leucocyanide, and pree 
posed maleshite green leueecyanide es a precision actineo+ 
meter (<3). Their determinetions showed o quantum yield in 
4ilute slosholie selution of unity from 2537 Anustrome te 
32.30 Angstroms, with a tenmersture coefficient of unity from 
“78° to °C, Unfortunately, they employed malachite 


green loueceyanide es an aetinoneter to mensure the quantum 
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yield of monochloroncetic seid photolysis at 26°C to 29%, 
end found it to be 1,07 ® 5.5% for the 1N Acid, in sgree- 
ment with Rudberg (R<2?),. Later work has demonstrated that 
chlorinesacetic acid production by yhotelysis of monechloro- 
acetic acid is variable, and a more correct figure is probe 
ably s cuantum yield between 0.3 end 0.6 (L-3). Thus con+ 
siderable doubt reflects upon the entire determination as 
earried out by Harris, Kaminsky end Oimerd, Their cress- 
aeterminetion with crystal violet leucocyanide was in agreee 
mont with the earlier work of Weyde and Frankenburger (\«l). 

In 1939, an extension of the investigations was made by 
De Gaouck and Le Fevre (Del) in which they observed the fame 
4lisr dork reroction (yhototrepic colorefeding sfter photo} 
lytic color formation), measured the conductivity changes in 
the process, and made a determination of the dipole monent 
of the Gye, The d6ark reaction was also ebserved by Jormeann 
& Gibeon (Ge2) with a product purified for five woeks, In 
1941 Lymen Chelkey (Cel) employed anlechite creen lLeucocyane 
ide es a basic material for a photochemical presese of high 
yielaé in prepsring orgenic mercury dorivatives of beste trie 
phenylmethane dyes. 


Malechite green dye hes been studied more carefully deo 
eeuse of its commereial implications, Its stability is dee 
riveé from its resonant tonic structure when in solution 


(C#2}, Thus, although the dye structure hes « grester 


OE 
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abserption coefficient throughout the ultreviclet wavelengths 
ef 2250 to 6500 Angstroms than has the leusoeyanide, the 
photolysis of the dye caused by absorption of these quanta 
appears to be miniseule in degree by comparison, “vidently 


the sbserbed energy 1s quenched in the dye molecule by non- 


phetolytic conversion to heat energy or by fluorescent 
emission. ‘hen exposed for two sonths acrobierlly to sune 
light, oa solution of malachite green oxslete was oxidised — 
25% to Michler's Ketone; aneerobicelly, the dye wee reduced 
to its leusobnse (I«1), The stability of the dye structure 
should give it the ability to protect systems in which it is 
@issolved, As an oxample, both the dye and ite loucobase 
are good negative catalysts for the eutoexidation of acroe 
lein, styrolene, and other eesily oxidsed systems, 

The reaction of malachite green with hydroxide forms 
its colorless esrvincl (color bese), which is phetosensie 
tive in the ultreviolet region te form the dye ion (A«1), 
whieh then fades to the cerbinol by a dark renetion, ‘The 
sbsorption spectrum im the ultraviolet of the dye sar>inol 
is essentislly f4denties] with thet of the leucocyeride (HL). 

The dye leueobase is the reduction product of the dye 
or the cearbinol, Im acid solution it is readily oxidised 
te the dye. The leusobese is not photosensitive, 


A search of the litereture revesled no perallel type 


of research in wiich a quantitetive yield of eolor wae te 
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be produced by en indirest radiochemiesl offect in s single 
phase photosensitive non-aqueous system, In feet, it was 
4iffieult to find meny irredintion atudies of nom-squsous 
systems, Many systems ore offered in wiich the dye is ome 
ployed os an indiestor of the quantity of chentes change 
produced, but in none is the dye used as the indiester of 
its own chemics] alterations This is due to the fret that 
dye structures are inherently quite stable; « tromen« 
ous dose of radintion is required appreciably to elter the 
color of the dye, In eddition, the very conditions thet 
make the dye color stable for mersurement are those that 
prevent the tremendous changes reeeassry for interpretations 
Any cood textbook on xerery applications usually deseribes 
the chemiesl effects of radietions, (G<1,.1345) (¢«3,p.215) 
and in the lists ef sueh chenges one will find mony in 
which a dye could be employed as an indiestor of tho change 
produced, Typical ere the followings 


{a} Poelin's reagent is employed by Day 4 Stein (<2) 
colorimetrically to estimete the production of rhenels by 
sernys from bensens plus sodiumbenzonte in sacuocus solutions 


(>) The deoxygenetion of aqueous gels and liquide by 
the action of xerays can be demonstrated by the fading of 


methylene blue dye (D3), 


{ce} Srem eresel purple color changes vere employed 
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‘to indieate the chain renctive relense of sclds from an 


equeous M=zhase chloroform system subjected to xe and 
gemma pays (Tel). | 


In the above three examples, the dye need not have been 
employed. Ita use was fictated by the extreme sensitivity 
of the colorimetric method of mecsurement, Thus 1t can be 
geen thet the triphenylmethane aye louccoyanides provide 
® uniquely stable dye precursor which is highly unstable 
when subjected to the proper exeitative phenomensy the 
formation of the dye is o quantitative measure of « speeifie 
elterstion in the leucocyanide structure, and if « @ 
yield of messurenble color ean be produced rediochemically, 
a new type of chemicel] aysten io avellable for the study 
of the nature of radintion«cnused chemical reactions. 


a i al 
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The usual wethod of reporting 9 chemieal offeet pro- 
duced by ultraviolet light is by means of the quentum yield, 
thet is, the ratio of the number of molecules altered to 
the number of ultraviolet cuanta absorbed in the syotems, 
Tf a material in solution is being studied, a solvent is 
ghosen which ebeorbks the light to n very small decree, so 
thet it enn be assumed thet all quanta sbsorbed wore abe 
sorbed in the solute molecules, 4 quantun yielé of unity 
would indicate that a speeifiec energy state in s molecule 
is absorbing the ultraviolet quantum and is elwaya altered 
in a @pecific manner, If the quentum yield exceeds unity, a 
Ghain resction is indicated; if less then unity, competie 
tive processes are interfering (Rel,p. 34) (G1, 01145). 
Similarly, the usual prectice in reporting redicehemieal 
elterations has been to estimate the lonie yield, the ratio 
of specific altered molecules produced to the mumber of 
fenepeirs assumed to be erented in the systes by the abe 
sorbed redistions Lea (Let) discusses this computation at 
gome length, Contrary to whet obteins for the quantum 
yield, an ionic yield in exeess of unity does not essentially 
inéicete a chain reaction, but sey suggest thet some of the 
ebsorbed energy asaumed wasted in ionepalr production may 
tually eppenr in exeited states of the original mole@«+ 
cules or their ionized proéuots, and thus enter into speci«+ 
fi¢ resctions, Although it appeersa thet in ecuecus solue 
tions this vesaibility 19 minimised, (G«1,p.63%)(L4), in 


seme systems there appear to be indications of such a 


EL —— re 
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mechaninn, such as that diseuseed by Dale & Devies resently 
(Deh). Many organte solvents, ospecielly the cyelie cone 
Jugeted aystons, posskse « large number of semimstable 
oxetted energy atates, and ond enn not aagune thet radiation 


| effects in these solvents will be dirsetly analogous to 


those im equeous media, especially since these cyclic cone 
pounds act es energy quenching protective systeme in 

aqueous medien and in nomeaqueous media, even protecting 
identical neighboring moleoules by o quenehing process (Hel). 


In ultraviolet fluorescence studies of dilute organte 
solutions, 4% was long recognised thet an energy tranke 
ference process occurred over s chain of solvent moleoules 
to & solute molecule, The possibility of producing » similar 
effect by means of gamma rey excitation of the solvent woe 
first tested exheustively by Xelimenn (K<1)(E<2), who also 
Giseusecs the possible mathematies of the process, Unfor 
tamately the euthor does not diseusa the possibility thet 
the effects observed were orimarily dve to the chewienl or 
excitative effects of free radicals and ions posséssing 
@ relatively large amount of Kinetic energy, reloseed in 
the solution »y absorbed redistion and ite seconiery offeete, 
rather then due to the non«chemiesliy reactive onergy transe 
ference process, 7 

Slmost sll oresnic Liquids are flucresecent to sone 
decree when excited by the prerer wevelencth of ultraviolet 


i eats 
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light, It has slso been observed that the seme organic 
solvents, when very pure, fluoresce only slightly when exe 
eited by more energetic radiation (xerays, gommn reys, deta 
or slphe particles), “owever, vhen a small smount of 
fluorescent impurity ie introdueed in solution at 2 eoneene 
tretion of 0,01 to 0,000] gram moles per liter of solvent, 
fluersseence of the solution is enormously ineressed, the 
effect being spparently identicsl te that ebserved for 
eimiler solutions when excited by ultraviolet light (X«2, 
and references cited in this article), The fluorescence, 
which is trpical of the solute, not the solvent moleoule, 
ic observed to be s maximum at a eritical concentration, 

At lesser concentrations « deeresse is noted, exoleined by 
@ Gecrease in probability of tranemiseion of excitation 
enersy from solvent to solute moleoules, At grester cone 
centrations the deeressed fluoreseeree 1s expleined es an 
ineressea probability that two solute molecules will 
mutueliy quench the excitation energy without flucrescence, 


It is obvious that @ specific amount of enerczy eannot 
be transferred from an excited solvent moleeule te « cround 


gtete solvert or solute solecule unless the molecule to which 


the energy is being transferred in eapable of sbheorbing that 
amount of energy. In sddition, the molecule trensferring 
the excitation erergy must be ecarable of holding the ener 
gsetic state for a finite length of time without quenching 


a. 


ie sorption, photolytie and fuereseoves dete of the spesifie 
 golvent molecules and solute molecules studied, ons should 


be able to predict the probability of oceurronce of such an 


energy treneferenee process. Im Doctor Kelimenn's studies, 


these solvents which aid not possess absorption (oneltation) 
bands fin the nesr ultraviolet region 41d not appear to transe 
fer an sppreciable amount of energy to solute molecules 
capable of flucreseence when exeited by those emounte of 
energy. If the solute Plucrescence notually wes being eke 
eited chemienlly, thet 1s by free radical sné fon fragments 
aiffusing from the paths of ebsorbed fonising redietion, one 


would expect the solute fluorescence to be relatively ine 


a4fferent to the ehemienl structure of the solvent mole~ 
culos, #8 lenge as those molecules consisted of aonevnat the 
same proportions of carbon, hydrogen, end oxyEen, and thus 
fluorescence should oceur even in solvents not heving the 
proper excitetion bands for energy trenaferencees 

tn exesllent diseussion of the indirect chemical effeote 
of absorbed redintion in aqueous solutions 1s given by 
Lea (Let). It would seem that if the effects sbeerved ere 
not due to the ionising power of the rae liation absorbed in 
the solvent but ere due rather to ite exeitative effecte om 
the solvent, 1¢ would be quite difficult to obtorve which 


preeess prejominstes, wuniess one knew which process nost 
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probably affects the specifie solute studied, 

“af the enercy transference process predouinstos, for 
eny one solvent the ieast eoneentration st vhich » maximum 
effect on solute molequles is observed should be generally 
inaifferent to the exact solute molecule, provided each 
type of solute moleeule responds to the sane exeltative 
mechaniom, In other worde, for any one solvent, the least 
grom moles per liter of solute et which the naxioum effect 
As observed should ve independent of the solute itself, 
Observe that if the effect is predominantly due te Lone 
pairs erceted in thet aolvent by the absorbed radiction, 
the exact seme rule should apply, There 4s another erie 
terion whieh aight be employed to seperate the one effect 
from the other « for a given eclute, if the change observed 
is due only to lon«pair chemietry, the effect should depend 


‘more on the concentration of the solute moleeules in the 


eonteiner rather than upon the moler concentrations in the 
various solvents, It ean be seen that the reverse would 
be true if the effeet observed is eriticslly dependent upon 
the nugbes of solvent molequles through which an exoitetive 
event ic required to transfer iteelf. 


In Fellmenn's work, the leest concentration in grem 
holes >er Liter et whick anthracene geve maximum fluores 
escence appesred to be conerclly Ladepernient of the sole 


vont employed, indicating thet exeitation of the anthrscene 


ee 
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eulandden tes hve prevebiy. tue to shentoa! enettarten rather 


then to on oxeitative transference process between solvent 
end solute molequles, “owever, his results are not numerous 
enough to permit definitive interpretetion, and undoubtedly 


- gontain systems Anvolving one or the other or o mixture of 


both mochaniems, ue to the aide effects tending te eongeal 
Clear out indientions, it is doutful Af 2 full interpretae 
tion enn be made from the present supsly of Limited experie 
mental datas 


While Kallmann employed fluorescent solute moleoules for 
his studies, it wae evident thet malachite green Leucocrane 
ide provided en equally excelient enercy trep for e renge of 
ultraviolet exeitation energies, The absorption of « specie 
fie oxcitation event is reeoried by the coloration of the dye 
molecule, and cen thus be measured colorimetrically, Pree 
vided the decree to which the relerzed cyanide ions reece 


. Dine with the dye fone to refors the colorless Louccaranide 


is snall, and provided other deecloretion mechanians are low, 
percentagevise, 9 definite solorimetric effect propertional 
to the amount of abeorbed redistion should be proguesd, If 
the mechanisz produging the coloretion is the enersy trensfor 
proesss, it could produce an ionie yield in exéess of unity 
in an ifesl solvent, even witheut » chrin reaction ocourrings 
Simiierly, a ehemiocsl lonepsir tyne of exeltation should pree 
@uce at best an fonie yield of unity, probvebly much lesa, It 


wes reolised that due to the complexity of the problem, 


et 
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since it was apioneer research, it wes quite probable that 
time might not permit sufficient resesreh to provide intere 
preteble results. 


LiL oe) sa A a “a> 
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A seerch of the pertinent Litersture end a series of 
qualitetive vltreviclet irraiction tests were employed te 
indioste the nature of the various solvents and malachite 

green derivatives that wore used in the xeray and gemma rey 
irradiation experinents. 

Nentzsch & Osaweld, Lifsehits & Joffe and the other 
authors el] demonstreted the fact that ultraviolet photolysis 
of malachite creen leucocyanide requires selution in en 
Sonising solvent (Ga1) (De1) (Gai) (iel,2,3) (Jo1) (101,2) (Wal). 
Photolysis to the typical blue eolor occurs in sbaclute | 
mothenol or ethenol, glacial seetic aeld, acetone, benzyle 
alechol, and seetonestic ester, It will not occur 4n 4ilute 
or concentreted mincral acide, enzene, ethyl ecetete, 
carbon tetreechleride, chloroform, ether, ete. After nhotes 
lysis, a fading “derk" resection was found to occur to varye 
ing derress, secéelersted by water, hydroxide or cysnite. 
Severrl explenetions were given for thie sechseniem by the 
above cited authors, some claiming recombinntion te form the 
Originel leueceyenide, hyfrolysis to form the acidelytic 
cerbincl, slso light sencitive, or the formation of e third 


@oloriess lLisht sensitive substeance. 

It wee noted by the euthor that in the noneloniscing or 
weekly lonicing pure solvents, the dye malachite green exzelate 
aiso faced, This is satisfretorily explained by sseuming 


the 4ye is more soluble in these solvents as ea eolorless 
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non-lonie salt rether then as the colored tonie salt, an’ 
the shift 49 predominantly toward the colorless eompounds 
Thie system in benayi sleohol showed no Light sensitivity 
at 2537 Angetroms, exept perhaps an ineressed decree of 
fading, which could be due to « photolysia of the solvent, 
not the dye. 

The most noted feature wee that the dissolved dye come 
pletely faded in those orgemic solvents in which photoe 
lysis 41d not cecur, In solvents sueh ae benzyl aleohol, 
where loucocyanide photolysis and photetropy beth eceur, 
the dye slso showed . grest terndengy to fede. In the . 
highly fonising solvents, little or no dye feding oesurred 
except efter « relatively long time, ne can relate photoes 
“lysis end dork reaction to the ability of the sclvent te | 
preserve the 4issocietion of the colored dye moleewle. This 
type of phototrony een always be partially reversed by the 
edidition of a trace of acid, and is soepletely reversed by 
sd4ition of suffieient acetic (ary) acid or dilute HCl. 


If the leucceyani4e contains « free eyenide impurity, 
@ phototropy cecurs efter photelysia that srocesda in the 
presence of acid. This mst be the reformation of the 
Orisinel scidestable leucoeyanide, einee the photetrecte 
preduct is licht sensitive, 

If the rhotetrong 1s eaueed by excess hyftroxide, the 
eclorless onrbinel is formed, which can be completely rew 


converted to the sclored dye by the addition of ecid, and 
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whieh fe oleo highly light sensitive. 
i Germann and Gibson (Ge?) noted thet when stored in 
80% aqueous ethanol, ‘the loueocyanide hydrolysed completely 


i lo 


te the dye in the dari, ‘This thermal resection is. found to } 
‘be even more merked in acetone, Water and possibly a traee 
of scid appear to be necesssry for entalysis of this ree i 
actions 


, From the preceding, one may state that the ultraviolet 
| photolysis of the leucocynnide eppesrs to be x single quantum | 
Aissociative procesa; the cclor formed 1a dependent upon 
the ionizing power of the solvent. If the solvent (Lees, 
benzene) shows no sssocintion with the freed cyanide Lom, 
Pecom>ination to the original leueocyanide will immedistely 
| occur end no photolysis will sppeer to heve ceceurred, After 
| photolysis, «= dark reaction will proceed to some extent if 
the solvent pessesses « low order fonizing power. Impurle 
ties such as hydroxide ant oyenide will couse derk renetions 
to the unsteble light-sensitive eerbinol and the acide 
stable light sensitive leueseyanide respectively, the leter 
renction going even in the presence of acid. If the solvent 
is espable of reacting with HCH under the eiven eonditions 
(acetone forms the seetone cyanohydrin readily), a thermel 
decomposition of the leuceerenide may take plsce. In eddie 
tion (I<-1) a slow ultraviolet sensitined Aeesmmesition of 
the dye is pessible, serepicrlly to lose « phenyl group te 
form Michler'sa Ketone (pearnedimethylaminobenszorhenena) , 


snacrobieslly to reduce to the leucebese, The dye itself 


—r. 
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(1) Semple containers: | | i 
«ALL of the lieutd samples irradiated were serobic, 


($ Cs portions in soft glass, gleas stoppsred, cylindrical 


shell viele (used beesuse of rendy svailebility), of the 


following dimensions: 


Outer dismeter 1063 millimeters 
Inner diameter Tel millimeters 


Internal, bottom to 
stoprer So millimeters 


Avernge Liquid depth 28 millimeters, 

Each sample viel was individually wrepped in a single 
layer of thin opaque red peper, in order to orevent acele 
@entel absorption of stray licht. ‘pectrophotosetric 
exeminetion showed thet the red colering matter, if acole 
@entally absorbed by the solventa employed, could not interme 
fere with measurement of the typical color of the Leucoe 
eyaniite photoproduct. All vials were weshed in slightly 
acid scetone-methyl aleohol before use, and sir dried. 

(2) Radietion sources: 

Xeraya were obteined from the 25 kalovalt General 
Sleetrice Tungsten Filament xeray machine belonging to the 
Department of Veterinary Medicine, Ohic State University. 
For ell runs the machine wea operated with the beam horie 
Bontel, at 200 Eve, 10 mas, with no oxternel filter. Sose 
rate wos altered according to the Inverse soucre law, Four 
teat vinis were irradiated simultaneously side by side, 
cceupying about twoethirds of the beam's effective widths 


The viels were pleced vertically on the odee of a wooden 


ee i 


er - i . 2 “34 . 
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table, in such a wny as to minimize seatter, in 9 repros | 
dueible geometry, the axis of the cylindrical vinle being 
perpentiouler to the exis of the x-ray benm. 


The sir dosage in Roentgens (r) was computed fron 
data provided by © privete communication from Major Norair 
My iulejian, USAF, who carefully calivreted the machine 
eaploying a Model 70 Victoreen Air-well reneter, condenser 
type, which in turn ie celivrated at six month intervels 
dy the U,5. Surenu of Standards, In a two-minute exposure, 
results were reproducible within # 2%, The x-rey beom we 
homogenous within * 2% over ite effective width. 


, 
| 


Air dose rates, in r per sinute were ecomputed sesome 
ing to the following formula: 
Adr dose, r/ming # 84 x (50/0)? 


where D ®@ distance in centimeters from 
foesl point to exis of test viel. 


All xeray tosts were carried out et room tempercture, 
22025°C, 


The gamme rey source was the 4 Mev Setatron belonging 
to the Ohio ‘tate University. The primary berm is essentially 
monochromatic, but at the point close to the douchmut where 
the tect viels were irredisted, a larse portion of the 
readistion consists of bete perticles and brehmsetrahlung 
of very inhomosencus cherncter, 


All semples were irradiated at approximately identical 
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| gumtayy tae Yeon being 8 ems 108 te dough 


the exis of the senple vial, in the median plane of the 
emergent benite me to the vibration of the angnet, it 
was noeesssry to insert the sample taped to a brass probe, 


| mounted from the floors In ef@ition, it wes necessary to 


operate « blower to keep the semple tempernture >alow 
30°C during irradiation. due to these fnetors, geometry 
could only be considered reproducible within ® 10” air 
dosscee 

Calibration was done with the Victoreen renetor, and 
the following dete recordeds 
lecetion Sir tese emarke 


(a) 2em,. from doughnut 53 r/min. No shield 
(eenter of test anmple) 


(>) 2em. from doughanst 4 r/mine reneter shielded 
{conter of t gemple) with on viel, 
similer to toast "viele. 
(e) hom, from ¢ousheut 43 r/min. Ko shield 


(a) them. from doughnut 33 r/min, No shield 


It was therefore assumed thet the everage air dose at 
the seaple volume could be teakren as 45 r/ains, with o probe 
able eccureey of & 1Of reproeudibility. 


(3) Sample preperation 

for ang one set of zerey runs, © single beteh of 
Ghemienl and e single mixture of solvent wes enployed, 
It was assumed thet the resgentse were 1007 ¢.?, reagent 


in *1l experiments unless specifieslly otherwise steted, 
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| sib ian Ailutione were handled unter reduced , 
‘Altumination, stored in brown glass vettles in # right 

proof locker, ‘fo neta wes added to the anmples until 
shortly before irradiation, If « series of dilutions was 
to be irradietea, #11 wore mixed from a single stock solu- 
tom, Acid was added to the stock solutions before arpors Na 
tionmeat to the individual test vinls, The scids employed 
were either C.. Glacial Acetic seid er 9,04" aqueous 
Hydrochloric ‘oid, Stook solution dilutions were made 
volumetrienlly with an seourecy of 2%. for reproducthile 
ity from batch to bateh of chemical and solvent, it was 
assumed thet the degree of error was ® 5%, 411 chemicels 
were weighed to within the nesrest 06,0001 grem, £ 0,0002 
@rem, Appendix C is a list of the reagente employed for 
these experiments, 411 eclor stendarie and test samples 
were stored and trensported under identicnl contitions, 
between 20 - 25%, | 
| (4) Colorimetric resdings in terma of percent tronamissive 
ity (¢T), were mode in a matohed peir of cusrts %eekmen 
1 eentimetor squere cella in a Hodel 5 Spectrephotoneter 
(National Technical Laboratories, South Pasadena, Callie 
fornin) belonging to the Departaent of Bectericlogy, The 
Chios {tate University, The comperisen biank wes doubly 


— 


a a 


distilled water, and enen sample was mescured twice before 
recoriing. ‘The querts ¢e11 bad an internal psth length of 
22005 em, It was found that in reading percent 


| bella the reading of any one sample wap oxastiy 
“Peprodueible, but in order to allow for smell vertetions in 
“adjusting the soale to sero, © renting securscy of © 041% 
Troneuiseivity was assuned, where * Trensmiseivity 2 
100 x I/Izs It can be seen that this introduces only a 
very small error in the result. 
 ‘Experinental meseurements demonstreted that 
(a) Por the solvents employed (Methanol, Acetic 
eid, Benzene, Sentyl Alcohol, Acetone and Acetoesestic ester) 
the wavelength et waleh color was most intense due te the 
malachite green oxalate dys, the loucocyenide’s photopre« 
‘duet, and the colored radiochonical decomposition product 
 @f both the leueoeyenide anf the leucobase of the dye was 
60 « 6400 Angstroms, 6400 Angstroms was chosen as the 
wavelength for sll resdings, using 2 seneltive bendwidth | 
of 52 + 75 Angstroms, ‘Through the visible spectrum sll of 
/ the above eclored products were indistinguicheble spectro~ . 7 
| photometrically. 

(>) The pure golvents, with or without seid 
a@fition, seed over s period of days after »elng opened, 
appreciably decressing the percent trenenmisetvity (¢ T) | 
at 6400 Angstroms, Therefore a solvent bisvk wes made for j 


eongh teat run, and it was nesused thet the pure solvent 


. 
9 


eased to the same extent in «ll test samples end eslor 
Sstenéerds ae in this blenk which wee prepered at the sene 
time as the others were mixed, It wae neeossary to make 


this sammption arbitrarily. <Actuel xerey tests demonstrated 


eel hea 
_ ant th ttn of te ste tnt openr oe autre 
im $ T at 6400 Angstroms during the tine of irradiation, ae 
| compared with « sintlerly trented non-izredieted solvent 
nee 
Ms for the purvese of interpreting the results ss read in 
terms of * T, the oricinal © T was converted to an sfijusted 
fT based on the solvent blank heving a © T of 100,0/, 
| Adjusted © T #(100.0/selvent Slenk * T) x measured # Ts. 


Then, essuming Beer's Law to hold, the color reading 
was computed in terms of D, where DS opticel density: i 


i I i a 
¥ 
> 


adjeS T = 106 x T/T, 
Antilog D ® I,/1I 2 100/aaj, * T 


Beer's lew I @ I, 297e0d 


DSeec dS 2 + logy (adj. * T) 
where e Sa constant, the absorption coefficient. 
¢ ® solute concentration in gram moles/liters 
4 3 light path length in eentineteors. 
I, # light intensity trensmitted by solvent blank, 
I @ liicht intensity transmitted by semple. 


Vaing a cirouler slide rahe, the odjusted © Tf and 
© could be found in a single operetion, setting up original 
“7? menoureds 
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Tm onch solvent, color atendarte vere prepored by 
“volunotrie @ilutions from aged (2 or more days 014) 
| ate solutions of malachite green oxalate, The stock 
" aolutions contained $0 microuoles por liter of uslachite 


| geen oxalate (0.0463 grans per liter), 4t being assumed 
_ that these stock solutions ¢ontained 100 mleroneles per 
liter of dye when in complete solution. the dye we 


weighed ® 06,0002 gm, and 1 liter of each stock solution wae 
prepsrod., 

«Te was found that the optical dencity of the aye at 
GAOO Angstroms depended on the age of the solution, and the 
fonizing power of the solvent. ‘Im pure benzyl aleohol, the 
dye faded almost completelyy while in acetone very little 
fading was noted, ‘therefore, when the irradicted leugoe 
eyonide asmple opticel dessities wore dotermined, se1é varye 
ing from 1 drop glacial acetic neid to 5 drops 0,04 # AGL 
par 5 ct. sntple wes sdded before reading, »efore or after 
ivrrsdistion, ‘“imilarly, color stanéerds wore mixed at the 
gene time, end acidified in an identien] manner in an attempt 
te give comperseble eclor yleld determinations, It wes resale 
isea that probably the largest orrer in computing solor 
yields was in aatehing the opticel Density, 0, te the 

proper color stenderd curves 


Fortunately, in the range of aye concentrations 
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| employed, Beer's Lay was obeyed, © logslog plot of exch ‘ 
i series of Ailutions being a straight iine from lese than | 
/ Grl0 mturunale per tater of aye to barand 40 atarensiée per 

| Attar, hoving ® store obeying the Lew 


the Dake 

N be ware 9 3 ont concentration in eterocolse/tAven, 
| Speen! Density — 

WEBER ees A constant. 


| SA pa TE IO 8 
— @lnetel neotte acid to 5 drops O.04NeHC] per See. of sample 
| _ wag to increase the value of K by approxinstely oneshnlf, } 
| HCl appeared to be the prefersble neid, Figure 1 represents } 
 @ typieal curve used to determine color yields in» series 
- * @f the tabuleted anaplea, and Tabulation 1 presents the 

) ree@ings upon which theve otendaré curves wore based. the 
AG netusd fisures for reporting dye yields in migronolea/Liter 
were gomputed from the formis © © 0/K, K being ® weighted 
value from ectunl determinations of D from the ¢ T of knew 
@yo concentrations unéer the steted eonflitions, Weighted 
velus of X for the region of dye values of importance 3 fume 
_ funtion D/Sunmetion oy 

 Ageuned values of Ks | 

rolvent held Content =. 


drops /See 
teeneeneemnal Te ostinienmaninnentennintiond 
Bentyl Alcchol 1 of ActH De0 367 
Benzyl Aleohol 5S of Acta % STOO 
Benzyl ‘leohol 5 of 0,04%8C1 OeFTOO 
Acetone . B of GC4Nottol 30979 
Agetoncetic ester | & af 0,04H~701 969510 


\‘o0H @ Glaeial Acetic Acid 


‘ 


ny 
strone) 


' 


er ‘Liter. 


f 
"moles dye. ) 
t SqHiCl., 


cet 


@ 6400 Ane 
a { 
mo 
n 


— ft _ 
; 


BzOH 


, 


ve | 
fin Mitromole 


IMG—Oxalate = 2 
<+ $+ ~* o- } - —— 


ed Has 25; D6 RS os i 
i ee 


i 
Optical Density) in 1.005 em. 
i hs 
te 
r 
i 


fr dye' 
Le 

5-AcOH 
“HCl. 
1-A00H 


‘ 


——82CH 
Bre-AAE 


2 
Winct ia. sk 


Am 
tah 


! 
} 
| 
' 


t 
t 
| 


| (Assumes 1 


Concentration 


ik 


dee “ho Goat 


i ; a ' - ‘oa fiat | : 

t a ee : ET + _— | = ee -t —— - 4 = 09 — —— + iP 
fH mane ws ~— ; x che _ am ee am | . --*-- oe abt 4 os agra ¥ 2 

it coped | are / ; : : 

: t 7 Tae 


> - 


PS Se ee Ce ee Sn) ee eer ee ay 


Page Na. 50 
_ When the color standard dilutions wore stored in silie 
cone coated contsiners some feeding occurred es compared with 


the uncested containers, (Refer to Tebuletion I, Sumery of 
 ‘Bevyalues), ‘This oon be attributed to adsorption of « film 
fF 4ye on the wall of the eonteiner, and its loss from solue 


tion, ‘ince controls wore kept om ll irradinted samples, 
this effect was autometieally seeounted for in reading the 
radintion-caused coler changes, using Eevalues in ell ine 
Stonces for the unfaded color standards, 


_ Four of the stenderd color solutions, containing no 
eeid, in beneyl alechol, were given en x-ray air dose of 
6800 r, ot 550 r per mimte, Ho appreciable eolor change 
was noted, The possibility of a ecolor destruction due te 
the irredintive effects on the eclor was possible, out in 
@ systen involving auels a number of heteregensous reaetions, 


it wes desired only to regord the net color concentration, 


it being impossible at present to state the degree te waich 
adequately excited leueecyanide molecules fell ultimately te 
preduce a dye molecules. 


(6) controle: 

The ideel situation woulé have been te reed eseh 
Sample spectrorphotometricslly befere and efter irradiations 
However, due to the fact that prelonged expesure to ordine 
ery room iichting over a period of mirmtes micht tend te 


actumulste errore in the samples, it was deaiteé instead te 
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prepare none-irredinted controls of each type of sample 
irradiated, and to employ them es indicstors of the pree 
irradiation condition of the other semples, Naturally this 
Lntroduees # large degree of uncertainty into ench monsuree 


ment, but for a single set of mesourements the uncertainty 


appesre to be small. At the time the decision was meade, the 
errors acoumileted by exposure to room light of the concen 
trations used were smell but unimnown, and insufficient pure 
chemical was on hand to estimate such verietions, In future 
tests of this nature it is sugeested that «11 semples be 
stored in pyrex gless viele with e 5 om, opticr] path length 
integral in esch vial for the purpose of spectrophotometric 
interpretetion, In this manner, ench viel ean be reed 
spectrovhotometricelly as often an desired without disturbe 
ing the sample in eny manner or exposing it to any stray 
light. In addition, the sensitivity of the system would be 
ineressed approsimetely § times in resding slight color 
changes, due to the fiveefold ineresse in optical path 
lengthe 


(7) Uxperimentel resulte: 

For purposes of comparison, sn artificiel adjusted air 
Gese of radiction wes computed for eseh sample, the adjusted 
Gose being computed in terms of the celibreted sir dose in 
Reentgens (r) multiplied by the density in erese per cubdie 
centimeter (4) of the semple, ‘efer to the craph of total 


mass absorption seefficients of the elements ¢, 3, 0 and 
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Air, Figure II, Assuming the irredinted semples to be thick 
in nature, since they cannot be treated os infinitely thin 
semples, one will note that it is reasonable to assume both 
for the 200 Kev xeraya filtered by the clesa sample containe 
er and for the 4 Mev gemma reys (plus considersble softer 
senttered rndistion) thet the mass absorstion coefficients 
of the eloments and air ere nearly ecual. One een then ree 
liste the ebsorbed radiation energy Aissipeted in oseh semple 
mersly to the product of the calibrated air dose and the 
liquid density of the organic selvents employed. for a more 
aetailed exposition of the rensoning behind this sssumption, 
refer to Lea (Le4). Sy shielding the sirewall remeter with 
® soft gless shell viel similer to these used for all test 
irradistions, it was found that the shielding effect of the 
g@lese wall was equal for both the xerays and the gamme rays 
employed. (Refer to Xerey and Gamma Ray Uxperimentation, 
Part (2)e)s Im this way it wes decided thet for comparison 
purposes the effect of the glass well could be ignoredg for 
absolute computestions, of course, it could not be ignored, 

Gpseifie color yields were commuted as (sum ¢e/sum 1000rd) 

SL, the mumber of micromoles of dye formed per liter por 
1000rd, adjusted air dose of rediction, 
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Total Mass Absorption Coefficients of C, N, 0, Air & HAO 
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S A Bg og Rie regg 
to Tabulation IT « 4 Nev Setatron Tests.) 


All samples were irradictod at 45 air r/min in soft 
gloss viele in idention’ geometry for 90 minutes each, a 
total air dose of 4050 r, or an adjusted air dose of 42025 ré 
4m Sentyl Aleshol., ‘The following recults were noteds 


Solvent ¢ # net dye formed, 1 % not dye 
(a) done samt notee/ittar 

4 weaak on curate irred. 0692 | 06218 
” 049 ate notes/ifter 

5 drops AeOt) S00. 121 09287 

1 Al 

a 9401 ; notes/ilter 

S arene Neon Sees 1403 Oe24a 


Semple (¢) is gample (a) reeirradiated for a second 
time, Due to the uncertainty and poor control of geometry 
and teompersture during ench 90 minute irradistion, these 
three results scree within the sliowsble limite of error, 
end sversge to give « epecific color yield of 6,25 wicroe 
moles per liter per 1000 rd, with « leucecyanide concentra~ 
tion of 0.0112 gram moles per liter, } 


Solvent g L 

(4) Aeetoncetic “ster 
0,016 moles/liter (the (+) sien denotes decolorisa- 
leucoeyanide, tion) 


& drops Og 04K OL/ See. 412 O29 
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Kev results 
» theses to tabulation TIT « 200 Kev xeray results.) 


Figure TIT is e plot of net eclor yiel4 in Senzyl Al+ 
cohol, micromoles of dye per liter ve adjusted air dose (rd) 
of 200 Eev unfiltered xerays, cdministered at the rates of 
400 air r por minute and 200 air r per minute, for various 
concentrations of leucocyanide in solution in grem moles 
per liter in glass walled containers, 

Pigure IV is a similer plot for a limited number of 
acetone solutions, and includes two points for the radice 
chemicel production of dye from the dye leucobase (easily 
oxidized to the dye, but not photosensitive to ultraviolet 
light), and alec a comparison with a benzyl alechol solution 
eof similer leucoeyanide concentretion, 

In Figure V is plotted the specific coler yield, micro= 
moles of dye per liter per 1000 ré adjusted air dose, against 
the concentration of leucocyanide in solution in grem moles 
per liter in benzyl eleohol, acetone and sestoseetic ester, 
contained in both soft glass wall and silicone coated cons 
teiners, 


The deliberate varistion in xerny doseerate from 400 r 
te 200 © per minute vas unfortunate in that, in sitering 
the geometry to halve the dose rete, the wooden platform 
upon which the samples were supported was not slise moved 
back from the zeray source with the samples, and at a ree 
Sulit a lerce undetermined amount of secondary sesttered 


mediation wes introduced, Theo predicts thet, if the 
, 
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yleld is dependent on dose-rate, the yield should deerense 
with reduced dose rete, The results, when the betatron was 
used with = doseerste one-tenth that of the xereys, indie 
eate that the leueooyanide system in benzyl eleohol is not 
 @ritically dependent on dose-rate, 

The xereay curves show en inoressed yield with the dee« 
creased doseerate of xerays out of s11 proportion with the 
‘ possible vearistion any theory sliows, and thus this enome 
alous result can best be explained by the secondery sent- 
tered radistion introduced in the experiment. | 


Due to the fact that experimental varistions inherent 
in these chemical syatens are rather lerge for each single 
sample, (% 20%), the diseussion of the experiments] results, 
end the conclusions drawn, will be based on the trend of 
the curves in Figures III, IV, V, rather than upon the ine 
4ividuel experimental soints themselves, 
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Net Dye Yield in Micromoles per Liter 
of Benzyl Alcohol 
vs 

Adjusted Air Dose in 1000 rd of 200 Kev X-rays 
and 4 Mev Gamma Rays. (Multiply by 0.8 to 
obtain approx. solution Radiation Dose in r.) 
BzOH=Senzyl Alcohol. 
MGCN-Malachite Green Leucocyanide. 


4X =9.0525 m/l MGCN 400r/min GW 
7 2+<0.0% m/l MGCN 400r/min @W 
35 © =),01842m/1 MGON 400r/min GW 
4 9 .0,00921m/1 MGCN 400r/min GW 
_ 9 40.0046 m/1 NGCN 400r/min GW 
6 @ ~©,.01842m/h MGCN 200r/min GW (See Text) 
6 7 m=0,00921m/1 MGON 200r/min Gw(" "™ ) 
8 0.0046 m/l MGCN 200r/min Gw(" " ) 
9 w 0.0112 m/l MGCN 45r/min 2 


(Betatron, 4 Mey) 
/ 


NET DYE YIELD, ITEC ROIIOLE SSLITER 


6 8 /O 12 


4 
ADIUSTED AIR Dose, /000xr4. 


Ficure IV Page No wes 
Net Dye Yield in Micromoles per Liter 
vS 
Adjusted Air Dose in 1000rd of 200 Kev X-rays 
(Multivly by 0,8 to odtain anprox. Solution 
Radiation Dose in r.) 


3z0H=Zenzyl Alcohol 

Acet-Acetone 

MGCN-Melechite Green Leucocvanide 
MGH -Melachite Green Leucobase 


1 See-Acet 0.02000m/1MGH 400r/min GW 
2 &-3820H 0.01842m/1MGCN200r/min GW 
3 @-Acet 0.01758m/1MGCN200r/min GW 
4 A=-320H 0.01842m/1MGCN400r/min GW 
ee 5 O=-Acet 0.01758m/1MGCN400r/min GW 

6 %-Acet 0.02000m/1MGH 400r/min SW 


NET Dye YIELD , Micrormote£s SL ITER, 


% 
~ 


0 rd 4 6 
ADISIUSTED IIR DOSE 5 pte 10 12 
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Specific Dye Yield in Micromoles per Liter per 1000rd 


vs 


Malachite Green Leucoecyenide Concentration in Moles/Liter. 
200 Kev X-rays and 4 Mev Gamme Rays (Betatron). 
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T ©~320H 400r/min aw 
Ze-3208H 400r/min SW 


WZ+-AAZ 400r/min Sw 
Tix -AAZ 400r/min GW 


tot, SPECIFIC COLOR YIELD 


0.00 


@-Acet 400 r/min GW 


Yf=320H 45r/min GW (No acid) 
-220H 45r/min GW (Acid) /onic Yelp = O05 


x -AAE 45r/min GW 
V -82 £400r/min GW 


fel 2, (Fresn S.W) 
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LEUCOCYANIDE CONCENTRATION, MoLEes/LireR, 


0.0! 0.02 003 O04 0.05 006 
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Ae Theory 

As in many photolytic reactions thet ere well known 
(Re1), one con not state that a quantum of energy te ebsorved 
by @ single chemicel bond in « molecular structure, The 
light ebsorption characteristics of » given molecular 
structure sre determined in many portions of the sbsorption 
band spectra by the bond structure of that molecule, but 
upon sbhserption of a quantum, tho entire molecular syatem 
is excited, not just the particular bond providing the 
capability of thet quantum being absorbed, Absorption of 
an excitins quantum anywhere in the molecule will quite 
often csuse the rupture of e particuler bend or bonds, Ace- 
tone vapor, when irredisted by Light of 2537 Angstroms, 
breaks down to form methyl radiesls and CO, the methyl 
radicals largely recombining st room temperature to form 
the original acetone, but at olevated temperatures to form 
ethane, methane end CO (%84)¢ when slightly aqueous, the 
yield contains some COg, more methane, CO, smd traces of 
AGOE in eddition to ethane, Two bonds ere broken simule- 
taneousiy by «& single quantum, A similar single quentum 
double bond rupture occurs in seetoseetic ester to produce 
CO, methyl radiesls and CHpC0,%t (B-5) at 2859 A, No 
ultraviclet decomposition of bengyl alcohol waa found by 


Berthelot and Geudechon (S85), although the solvent is 
highly sbsorbing in thet region. However, due te the stae 


bility of the aromatic nucleus on this alechol, it is 
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probable thet the absorbed energy 1s dissipated by that | 
stable structure before dissocistion enn occur, In the enses 
where straight ehnin is etteched to an srometie nucleue, 
the straight chain ie ettecked by light energy absorbed anye 
where in the energy structure of the molecule, ‘oth benzyl 
eleohol and neetone fluoresce highly when irratioted with 
ultraviolet light, (tie4)(He5)(G=3), en appreciable portion 
of the fluorescence being in the nonr ultraviolet. Little 
fluorescence of scetoacetic ester, acetic e¢id and methyl 
elechol is observed under Similiar conditions, since the type 
of ultreviolet exeltetion is not similar «+ these three sole 
vents 4o not demonstrate an sbserption band in thie ultra 
violet region, but only continuous absorption, In Figure VI 
* A are seen the plots of the relative ehserption gherecter= 
istics of these solvents, In Figure Vi~e® are similerly 
plotted the information for solutions of molechite green 
aye, leucocynanide, and carbinol, The data for the leucobase 
was not svellsble, 

when one of the above solvents, (benzyl sleshol, neee 
tons, scetonectic ester, acetone end sethyl aleohol) is 
irredicted with xeraye or gemme raye infividually in the 
pure state, it is reasoneble to essume that in the process 
of decomposition of the asivent by the highly ioniszing effeote 


of the absorbed rediation, many of the excitation stetes 


simaltencously crested in the solvent molecules and eleo the 


@ecompositicon preducts, One tay also assume that if the 


ow 


a ee 


Sh 
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molecular structures under consideration do not exhibit abe 
sorption spectrum bands at perticular energies, then these 
particuler energy otates will not be greatly exetted in the 
solvent. If the above is true, one would expect to observe 
fluorescence excited in the pure solvents by the sbsorbed 
me or gomuna radiation similer to that actually chserved from 
Ultirevioclot excitation, Sueh is not the esse to any marked 
degree, liowever, the sensitive measurements made by Kalle 
mann (Xe1)(K«2) do demonatrate a amell amount of fluorescence 
in all common solvents, irredisted with gamma reys, which was 
charactoriatic of each of the solvents, and his experimental 
results upon eddition of smell amounts of fluorescent ime 
puritics to the solvents irradieted with gamma reys prove «a 
high degree of exelted states in the solvents due to the 
absorbed radistion. ‘whether the energy excess is that of 
the parent solvent molecules or that of the solvent decome 
position products cannot be resedily determined et this tine 
from the aveileble deta; however, Kelimann strongly urges 
the edoption of the view that semlesteble exalted states 
are crected in the solvent molecules, with subsequent resone 
anee transference through a chain of solvent molecules to 
the fluorescent impurity. 

The structure of aelachite creen loussoyanide is cuite 
stable chemicelly, resisting sny decomposition when boiled 
im soidified acetone, methyl alcohol or ethyl acetate for 


periods of an hour or sore. Some decomposition does eccur 
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Extinction Coefficient Log,oe 
vs 
Light Wavelength in Angstroms, for 


Ae Acetone, Benzyl Alcohol, Acetic Acid, Acetoacetic Acid 
end Methyl Alcohol. 


Benzyl Alcohol (M=2)(Me=3) 


Acetic Acid (B=2) (H=4) (8-3) 
(Acotoacetic Ester similar) 
Acetone (B=2)(?M-1) 


Methanol, Logo {© 


/ Joco 
WAVELENGTH, ANGSTROMS. 


Be Malachite Green Leucocyanide, Leucocarbinol & Carbinol 
in Zthyl Alcohol. (H-1) 


Chloride 
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Leucocyenide eee eS 


Leucocarbinol— ty" 
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in eacucous acetone, oxplsined as a watorecatalysed thermal — 
formation of dye and acetone cyanohydring However, when the 
molecule in an ionising solvent is exeited by an absorbed 
ultraviolet quantum, photolysis to form the dye fon and a 
eyenide ton always oecursa, If the leucocyanide is present in 
@ solvent irradisted with x- or gasme rays, photolysis of a 
similar kind will cceur if the leucoecyanide molecule absorbs 
sufficient energy (%6ev) from a neighboring excited sole 
vent molecule, lon, radicel or electron by collision or ree 
sonsnce enerey trensference, or gue to direct sbsorption of 
en initiel x« or gemns ray photons ainee the dye iony , when 
ones formed in an ionising solvent expeble of euffielent 
association with the ¢yanide ion to prevent its immediate 
recom>inetion with the dye to reform the loucocyanide mole} 
cule, is remerxably stable, the process of permenent color 
formation sppesrs quite probable, and is found to be ao in 
both benzyl alcohol and acetone, Color is forme’ to a much 
Lesser decree in ethyl acetoncetate, and eoparently to a very 
omall degree, if at all, in methyl esleohol end ecotic acid, 
Of course, the setusl Gegree of color permenently formed de« 
pends on the loucocysnide concentration, the response of the 
solvent to the ehsorbed irradistion, and the rates at which 
the excited selvent molecules and decomposition products 


lose the ability to exelte leuscecyenide photolysis by self 
quenching, recom>inetion end other chemical processes, 


& comparison of the decree of color formetion from 
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leucocyanide with the «bility of the solvent to maintain an 
exeited atete in the energy region capsble of sltering the 
- ‘leueocyenide molecule ghould be considered, Benzyl alcohol 
and acetone give practically identical results, within the 
limits of the experiment (figure V¥)g both of these solvents 
ave highly exciteble in the proper energy region, 26 shown 
vy the ultraviolet ebsorption bend spectra, end both fuore 
 @gee in an enercy region (28008 « s200%) eapable of properly 
exciting leucceyani4e molecules, fcetoncetic ester, at iden+ 
tical concentrations of leucocyernide, produees little eoler 
(oneeseventh or less) under identical conditions of irradin« 
tiong this solvent hes only continuous ultreviclet absorpe 
tion in the proper region, Methyl slcohol has only « slight 
contimious ultraviolet absorption and felled to produce 
meesureable ecolerg scetic acid, acmin with only contirmuous 
absorption and no bend epectrn throughout the ultraviolet 
region of 4500 to 2000 Angetrome, failed to oroduce a 
eoloreé dye typical of malechite green when x-irredinted, 

In all of the shove solvents, ultraviolet s>serption 
by the leucocyanide produced a rapid photolysis to « steble 
color typicel of malachite creens 


That the photolytic effect produced in the Loucocyenide 
molecules in very dilute solutions, by x-rays and gamma rays, 
is an indireet effeet is evident from several factes 


(a) The xeray end gamma rey absorption effect is very 


ee Oe 
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dependent upon the solvents employed, whereas each solvent 
sete identically when the eolored ion is produced by direet 
absorption of U<V quanta in the lewucocyenide molecules, If 
the color were being produced only by Aireet hits of initiel 


merey or gamma ray photons in the leucocyenide molecules, 


there should be Little or no solvent dependence. 
{b) Later, rough computstion of the ionic yield will 
be attempted, hen 06,0525 arem moles of loucocyenide ere 


- Qissolved in one liter of benzyl elechol (the maximum cone 


centration studied), there ere 18.6 grens of leucoeyanide 
dissolved in 1043 grema of solvent. Since both solvent and 
solute are practically identies] in x-ray obsorption, the 
energy Aissipsted in the leusoeysnide molecules ia only 2% 
of the total onergy dissipated in the solution. ‘4n sir dose 
of 4000 Roentgens is estimated to result in an actual dose 
in the solvent (due to the shielding ef the glass conteiner, 
ete.) of about 3200 Roentgens, According to Len (L#4), 
1000 © is equivelent to 5.24 x 101 electron volts per gram 
of sir, Roughiy, then 3200r 1s equivalent to 1.75 x 10” . 
electron volte per liter of »engyl eleohol. Under these 
conditions, it wee found thet 4.21 micromoles of dye per 


iter were produced by the irradiation, equivelent to the 


18 molecules of loucocyanide 


specific nlterstion 2.56 x 10 

per liter of solvents 
Therefore, if one assumes direct hits on only leuese 

cyanide molecules to be effective, 2% of the total absorbed 


enersy will be offective, or 0,02 x 1675 x 105 305 = yo 
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@lectron volte ver 2.55 x 102° molecules of leucooyentde 
altered to form dye, or sbout 1.4 electron volts per mole« 
ule altered!’ Since in » 200 Kev continuous xersy spectrum 
the majority of the photons heave on energy of about 100,000 
@lectron volte, erch xerey photon ebsorbed would heave to 
alter at leest 7000 leucoceyanite molecules before being 
absorbed, losing a uniform smount of energy of only 1.64 ev 
‘per molecule before being completely 4issipeted, This is 
Aneufficient energy to eeuse photolysis of s loucocyanide 
molecule. 
Therefore, one may anfely assume that the effect proe 
@uceé is a typiensl indirect effect as deceribed by Len and 
Glasser, The shove computation then persits approximately 
. 70 electron volts to be dissipeted in the benzyl alechol 
for each loucocyanide molecule epecificslily sltered to proee 
duce a dye molecule es recorded speectrophotometricelliy, when 
00,0525 eram moles of leucocyanide are dissolved in one liter 


ee ee ee ee ee ee 


of benzyl slechol., This is » very reasonable figure for 
such ea system. There is absolutely no evidence that = ehain 
resection could be involved in the process, since the ultrne 
Violet quentum yield studies indicete no temperature depende 
ence, not do they indicate a quantum yield in exeess of 
unity even for very energetic quanta (H<3),. 

As was true in the ease of ultraviolet photolyeia, no 
dye wes produced from the lousocyenide in benzene by xerays 


(Figure V, plot ¥). This proves the requirement thet certain 
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types of ionized solvents are required for photolysis. 


Be Wall effects. 

In the ususl heterogeneous chemical reaction, such as 
thet produced by absorbed xerays or gseame reyes in « solvent, 
4t is elweys edvisable to study wall effects, especially 
where the wall sree of the containing vessel is lerge in 
proportion to the volume of the vessel, and where the dilue 
tion of the substance being studied is rether lorge (Rel). 


‘Ginee tn a liquid the molecules are slways in constant cole 


lision with ench other and the vessel walls, the possibility 
of energy loss by quenching snd chemicel combinations at the 
well is sometimes highe In esses cited by Rollefson, reactions 
assumed to be oseurring in the volume of the semple were 
actually occurring only in the film adsorbed on the container 
wall. 


Tt is possible to alter the well charecteristios of a 
glass vessel without altering the rediation geometry or abe 
sorption charecteristics of the system by coating the glass 
wall with «a silieone cont, (*DrieFrilm’, Appendix ¢ (¢)«) 

If in the subsequent redietion-caused reactions quantitative 
yiel4 is dependent upon the neture of the well surfree, one 
mey then essume thet the observed yield is the net result of 
@ heterogeneous series of chemies1 renctions in the container, 
If indeseniont of the well surface, a homogenous reaction 


yield is suggested, 
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A soft glass container sets 28 2 wall somewhat beste 
im cherecter., 4 “Dri~Film" wall is made up of methyl groups, 
end acts as a vory steble enturrted hydrocarbon in the sure 
fsee chemistry, It was noted previously that color stenderds 
in silicone conted conteinere tended to fade in the liquid 
portion even though ecidified, and wes reasonsbhly expleined 
ag an adsorption of the dye on the silicone coating (Tab- 
Wleation I - Color Stenderds), eferring to Figure V, plots 
T and II, it is noted thet the difference of the two benzyl 
eleoholeleucocyanide dye specific yield curves is emell, 
ana irregular, ere one may sasume that the deviation of 
the two plots is probably simply due to e leaching of dye 
from solution by the fresh silicone wall costing (especielly 
im IIe). If o amsll Aependenee on wall nature is present 
during irredietion, it is promable that the exelted dye molee 
cules, especizlly in the larger concentretionsa, tend to ade 
here more readily to the silicone wall than when stebilised 
without irredintion, ae in the color stenderds. 

In Figure V, plots IIIT ana IV, the same effect is noted 
for leucocyanide color production in irredisted acetorestic 
ester es in benzyl sleohol., Here, however, the specific 
eolor yield is so low initislly in the g¢lessewslled containe 
er that the observed yield in the silicone welled conteiner 
eppesrs at the best te be a deeoloriseation process for the 
leucocyenife conecertretions studied, 


Combining the ebove obeorved effects with the comparison 
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in Pigure Vi of the effect of xeray dosage ot 400 r/min.g in 
contrast with gemma ray dosage at 45 r/min. for the specifie 
color yield from leveocyenide in both benzyl sleohel and 
aeetoncetic ester, one observes thet the benzyl slechol 
yield ie relstively independent of dose rete, witle the 
pertoncetia ester yield ia strongly dependent upon dose 
rate, the specific color yield sctually being negative (dee 
colorization) at the lower dose rate, ‘ecording to Lea 
(Le4), dose rate independence in an indirect section bespeake 
@ homogenous reaction; heavy dependence on dose rete ine 
A@iecsteos « lergely heterogeneous reaction, 

The resulte seem to indlente e orectically homogenous 
efficient reaction to produee color from the leucecyanide 
in benzyl aleohol, and a very heterogsnecus ineffietent 
color-producing reaction in sacetoacetic ester, It sppesrs, 
therefore, thet the eolor production initially mey be due to 


two 4ifferent mechanisma in the two solvents. 


In order further to investigate the nature of the wall 
reaction in the soft glees and silicone costed vinis, 
series of irradiations were mede of malachite screen leucobase, 
0,02 sram moles per liter of solvent st 4000 r sir dose and 
400 r/min, in seidified benzyl aleohol, acetone, and aceto~ 
acetic ester (Tabuletion ITI « xerny results, Series ITI). 
The specifie color yield of the leucobese wes not generelly 
similer to thet of the Leucoeranide., In both benzyl aleohel 


and scetone, the specific yield in the slase wall was four 
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times that in the silicone wall. Tt ean be argued that the 
eolor producing mechenisms in this case in acetone and benzyl 
aleonol are gonewhat similar, and are strongly quenched by 
the silicone wall. Ho quantitative comparisons other than 
this enn be mode, since acetone, when seidified with aqueous 
aeid tends to react thermally with the leucobase and to 
destroy the color initielly produced, especially in the eilie 
cone conted conteiners, The leucodase ie relatively atable 
4n benzyl aleohol, but in evetoscetic ester slowly oxidizes 
te form the dye. When irrediated in acetoneetic ester, the 
specific color yield from the leucobsse wae found to be 
" gimiler to thet in bensyl elechol, and wee greater in the 
6ilicone coated container than in the gless one. It is 
epperent that the lencobaseesolvent system under tfenticeal 
conditions of irredistion ie somewhet similar to the leuco- 
eyenidessolvent system in sensitivity, but, ss revealed by 
the enomalous dependency on wali effect, the enusative mech~ 
anioms of color production sre not the same. It is quite 
probable thet the production of color from the leucobase in 
these solvents is heavily dependent upon the per cent of 
water, pi, end oxygen content of the solvent, since this 
dependoney ie typical of its chemical neture under ordinary 
conditions (C2). 


G6, Tonic yield. 
@ince, due to the leek of enough pure leucocyenide, 


4t was not possibie te follew the specific color yield 


— - a 4 — — ————————— ial 


ce Se 


- a el 


ee es er = 

leuceocyanide concentration plot to 2 point where a maximum 
color yield indenendent of ineressing conecentretion (L4, 
De43) becomes apparent in benzyl aleohol (or to the limita- 
tion imposed by the anturrted solution), the maximum fonie 
yield cannot be estimated. Howsver, referring to Mgure V, — 
plot I, the highest experimental point on this eurve will be 
chosen for # sample estimete: 

Leucocyanide coneentretion # 0,0525 moles/liter 

Denaity of benzyl sleohol 2 1045 grams/liter. — 


Specifie Color Yield = 1,010 Stavenelen/SEtewy Wstyts 
(Tabulation ITI, Series TII<0 


BN @ Avogedro's Number 8 4,02 x 1023 OHSU 


Im Air, lr 8 6.77 x 1029 @lectron volts per 0,00129% 
(Let, ne) ereams of Air 


1900r = G77 x wi? ps henmger em. air 
= 5.24 x 10°” ev/am, of air 


Assuming thet 1000r dissipetes the seme energy per gram 
of benzyl alcohol eas it does per gram of air, 

1000r & 5.47 x 1029 oy per liter of benzyl elechol. 

Tt 146 necessery to sssume (checked approximately by 
several measurements with the air well reneter) thet 1000r 
air f4ose of xerays (1043 rd sdjusted doze for benzyl 1cohol) 
is an setual dose of 800 r absorbed in the solvent eas 
ahielded >y the classewalled conteiner. 

Thus, 1000r air dose 3 4,37 x 109 
1.943 L ® Speeifie dye yield/104%rd = speeifie dye yield 
/1000r air, 


ov per liter 320H, 
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1.043L 2 1.045 x 1,020 © oe earaeatt oe feveet 
¥ield 2 6.32 x 102? aye molecules formed — 

per liter 5s0H per 800r, 
Average energy Alesipation per molecule of dye formed: 
& 457.0/6.32 3 69 ev/molecule of dye formed. 

Although no informetion is aveailsble eoncerning deters 
minations of the averace amount of energy expended in bene 
ayl alcohol per ionepair produced by xe or gemmn redietion 
absorbed in the solvent, it is reesonable to state that the 
69 ev dissipated per dye molecule formetion corresponds 
roughly to on fionie yield of slightly less then 0.5. 


‘De Dosimetry | 

Insufficient deta ere avealleble to permit en estimete 
of the maximum sensitivity of the system, malochite ersen 
leucceyenide in acidified benzyl alechol, ss «2 dosimeter 
for xersys, gemme reys, end other fonizing redistions, ose 
pecislly «st very low dose rates, If the maximum ionie 
yiela wore found to be in the neighborhood of 1.0, one 
could expeet «= color formetion of about 2 micromoles of dye 
per liter per 1000 roentgens, seclution dose. Allowing for 
® rensonable smount of variation ( 8 10%), one would expect 
to find speetrovchotometric interpretetion possible at $400 Ange 
stroms of totel solution doses of 100r minimum to 20,000r 
maximum in 2 1 om. optical path length, or 25 < 4000r in a 
5 em, opticel path lencth, If the solution were snaerobice 


elly sesicd in pyrex glees atendsrd containers with en 
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integral optics] path, ecepsble of insertion in «a stendard 
photoslectric colorineter, it 4s possible thet « rather 
stable system for lower dose rates could te developed, In 
a disposable container of that type excellent autoindle 
eating 4ose rete and disintegration studies of 2 rndionctive 
dete or gemma emitter in solution in the dosimetrie solution 
itself ere possible. 

The most iderl features of e coloreproducing chemical 
dosimeter of this type are that the solution may be permene 
ently sesled before irradistion, the color needs no addile 
tionel chemical development after formation for interpreta. 
tion, color resdings may be mede acourstely end convene 
fently in « reletively inexpensive photoelectric eolorte 
moter et eny time and as meny times ac desired, end lastly 
the system does not appear to depend upon a thermnl chein 
reaction for the production of the eolors. %eing in liquid 
form, the dosimetric solution may be contained in any share 
or volume convenient for the neture of the exreriment. It 
ie to be hoped that extension of these preliminery reeulte 
indicste dosimetric possibilities, It is not suggested thet 
visual eslorimetrio intervretetion of the color formed be 
recomended, becruse of the known physiclogics! limitations 
in the humen eye in quertitetively fudging color density 
and cquelity. 


Be MSMAry . 
Of the three solvents, seetone, acetoscetie ester and 


benzyl salechol, only benzyl sleohol hase ever been irradiated 


‘ MT Oe " i‘ vap / ae Se ee eo awe telah tat le 


; 
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by x=, gamma, beta or alpha radintion end the resulta ree | 
«ported, Kailen in 1932 (K~«3) exposed pure benzyl sleshol 

. 

| 

j 


<< = 


aerobically for six months to the beta and gemma raye of } 
ell grams of radium, and found at the end of thet time that 
® large guantity of monobasic seid wes produced. ‘%pecifie 
Conductivity in the irradieted sample was 1% times thet of . 
@ noneirradinted control, The acid produced wee monsured by . 
titration se monobesie scid. His eomputetiona follow: 
m 2 no. of molecules of monobasic acid formed per 
castor is the Sieai'eet Anette, | 


n @ no. of ionepsirs formed per second by absorption 
of the bete and gamma rayss 


fxperimentsl fesulta (Ke*) Computed: 
m 435 2 13 n/n 
Pure Gengyl Alcohol 8. 5x1 SeOxnl0 le? 
Pure Benzyl Alcohol 38x10" 4,7x1073 0,8 
in benzene 


These computed results are undoubtedly in error, since 
Kellan sasumed thet, in comruting the ion peirs produced, 
the srecifie Lonisation of beta and gems rays is the aie 
as thet of alphe rays, assused in benayl elechol to be that 
of benzene, 1.29 (footnote). It is evidert, therefore, 
that his figure given for "n* is much too lerce, thet “m/n” 
is much grester than reported, and thet a ehain reaction is 
occurring, ertelyeed by the sbsorbed redintion; this 1a to 


be expected, due to the suteoxidrtive nature of benzyl saleohol. 


Failen's results, rithough arroneous, do suggest thet 


practicelly #11 of the absorbed redistion in serebie bengyl 


Pict en iva rote are ee 
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alcohol is expended in exciting the autosoxidstion of the 
solvent. Since, a8 computed in pert ©, Ionie Yield, leucoe 
eyenide photolysis is also capable of secounting for ea large 
portion of the absorbed enersy, probebly the Leucoceyanide 
sets aa a protective agent in bengyl alechol, dreining off 


the excess energy from the activated solvent before pormene { 
ent alterstion of the solvent molecules ccours., A! more doe} 

tailed investigation 1s required, however, sefore the 

nature of the preeess is enpeble of interpretations 


“BO% pezifise on 
und der qunansthrekcien evense gross wie ate rote 
aiimacborenlen angenommen seese Unquotes, (K<3) 


gr Fn allah tf 

4 Z 

Since # rapid and simple method of prepering lorge 
quantities of pure leucoeyanides of triphenylmethene dyes 
has been developed (Appendix A), it le poesible to suggest 
several avenues of future works 

(a) ‘Similer studies of the leucoeynanides and of other 
of the triphenylmethene dyes. 

(>) The preparation and irredistion of benzyl alcohol 
solutions of melachite screen leueceyenide of high concentrae 
tion in order that the curve of specific color yield as ree 


late@ to leucocyanide concentration may be fully mown 
(Figure V}, in order to estimate the maximum fonie yield 
pessible, 

{e) The investigation of the relative effeets of 
geume end xereys, beta and sipha perticles, neutrons and 
positrons upon sensitive leveocysanide solutions under verye 
ing conditions of temperature, oxygen tension, dose rate, 
end type of sclvent. 

(4) With the above knowledge, the development of 
eaceurete Gcosimetric solutions end gele espable of colorie 
metric interpretation, 

{e) Am investigetion of sufficient theoretienl deoth 
to develop a theory sdenuste to explain the neture of the 
energy transfer process from the sclvent to the dissolved 


leucocyenifte molecules. 
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Glossary of Abbreviations: : 


S = BzOH Benzyl Alcohol 
AAE Acetoacetic Ester 
Acet Acetone 
5-AcOH 5 drops per 5 cc. Glacial &cetic Acid. 
5<HCl 5 drops per 5 ec 0.04 N HCl. 
GW Soft Glass Wall Container. 
SW Silicone 'Dri-Film' coated Containers. 


MGCN Malachite Green Leucocyanide in gram moles per liter. 
MGH Malachite Green Leucobase in gram moles per liter. 
ec = dye concentration in micromoles per liter. 
( 1 mole malachite green oxalate is 2 moles of dye). 
@Y - % Transmissivity a 6400 Angstroms, 1.005 em. optical 
path, compared to doubly distilled water. 
Adj. 2T = % Transmissivity assuming %T ® 100.0 ac = 0.00 


D = Optical Density. 


K = (Sum D / sum c) from c = 0.10 to 40.0, a weighted constant 


according to Beer's Law. 


L s(sum net ec / sum 1000%d), specific dye yield in micromoles 
per liter per 1000rd. 


r/min = calibrated air dose in Roentgens per minute. 
r = Total calibrated air dose. 
rd = Adjusted air dose, r x d. 


d = Solvent density in grams per em>, 


a 
" 


Temperature in ° C. 


Age = Number of hours elapsed between mixing and spectro- 
vhotometric reading. 


Tabulation I- Color Standards , & T a& 6400 Angstroms. 


. 22 


6.2 
1LAcOH 720 
GW 6.0 
Ageoa4 59 
304 
5.0 
2e2 
Poe 
6.8 
0.3 
Bz0H 5.0 
5-HC1 4.1 
GW 4.1 
Age5 4.0 
D2 8 
Db 4.0 Oret 
’ Cex 56.6 
58 Giese 
20 2207 
34 5.68 
262 fei 5 O.O71% 
po, O. 38 
Bz0OH 00.0 
5-HC1 00.0 
Sw 97.1 
84,0 - 
bn. 2 


J} } IU 


~ 116.00 -|5.58 cl mS, 05 Togd es 
40.00 10.26 0.0688 51 2.292 0.0610 ~ 
0.000 195.0 |190.0 | .a 
Geo66 (94.2 | 99.2 | .004 
foes en. | 97.0 ‘| 015 
O.430 169.3 | 94.0 | .027 
2,024 182.2 86.5 2063 
By ooo 66.3.1 69.8 | .156 
Gs80 5140.8 | 45.1 | . 346 
PeeGo 20554.) 16.1 | 2793 
40.00 0.90! 0.95|2.024 |0.0514 


Tabulation II - 4 Mev Betatron Tests. 


ee ie TF Te 


B-0 8z0H 5-AcOH 0} 90.9 [100.0 0.00 
B-C (Bz0H,0.0llomGcN| O| oO 0|71.6 | 78.7 -104 |1.49 | 0.00 
5-AcOH 45 te 
| Bel B20H ,O.O112MGCN | 45 | 4050 4225) 61.7 | 67.8 «169 .| 2-41 0.22 (Acid added 
) O-AcOH . bfter irrad. 
| B-2 BZOH,O.O112MGCN | 45 | 4050 4225) 58.8 | 64.7 ~189 | 2.70 0.29 Acid added 
5-AcOH aéfere irrad. 
Bel-A Reirradiation of| 45 | 8100 8450) 51.6 | 57.4 -241 | 3.44 10.23 
Bel. 
K S OL O700 
10-00-22 »5-HCl GW @) O 0|93.0 [100.0 0 20 0.00 
10-V-2AAE ,0.O16MGCN @) @) G\ 72.0 | 77.4 ocak | Lee 0.00 
S-HCl GW 
10 =X=2} x : ue AS 40 50 4150 Loee 76,7 ~104 Le Po 203 
K = 010610 
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Tabulation III-200 Kev X-ray Teste. Page No. 61 
All tests were made as explained in Part (2) of X-ray 


and Gamma Ray Experimentation. 


An initial series of tests were run using very impure 
malachite green leucocyanide in benzyl alcohol. Before 
accurate readings could be taken, the color had badly faded 


in the presence of acid, indicating free cyanide impurities. 


An earlier series of qualitative tests showed thatless 
color than was measurable was formed in absolute methanol 
when 0.003 gram moles per liter of leucocyanide was in sol- 
ution, with an air dose as great as 5000 r. 

Similarly, even with more than 0.02 moles per liter of 
leucocyanide in solution in glacial acetic acid, 9900 r air 
dose failed to produce color typical of malachite green. A 
brown color was formed, but it was not that of malachite 
green. 

A third series of tests, with glacial acetic acid as 
the solvent, 9900 r air dose, demonstrated that X-irradiation 
Slightly accelerated the typical oxidation of divhenyleamine 
to a pink dye-- when mixed with leucocyanide, the oxidation 
was catalysed without irradiation and was tremendously cata- 
lysed with irradiation. This appeared in this case to demon- 
strate the efficacy of malachite green leucocyanide as an 
active participant in the vhotodynamic process (G=1, p.1145). 

In the following tests, sample color fading in benzyl 
alcohol was not appreciable over a period of one week after 


irradiation. 


es I (4014-51 T 25°C GW XK = 0.0700 
at se eee - se a aa wo 
- L-1 BzOH 5-HCl MGCN 0.01842 m/1 
H-1 BzOH 5-HCl MGCN 0.00921 m/1 
Nel BzOH 5-HC1l MGCN 0.00460 m/1 
O-1 Acet 5-HCl MGCN 0.01758 m/1 
U-1 3z0H 5-HCl MGCN 0.03000 m/l 
V-1 BzOH 5-HCL ~s 
(Note= Runs 5 to 8, undetermined amount of extra scatter in 
excess of 10% inadvertently introduced in geometry.) 


Series II 4-24-51 T 25°C K = 0.0700 BzOH 5-HCl 
0.0610 AAE 5-HCl a 


BenzeneeMGCN irradiated without acid. All irradiated 
samples received 4000 r air dose, at 400 r/min. 
Adjusted air dose rd 3: 
BzOH 4170 rd 
AAT 4100 ra 
Bz 3515 ra 


Series III 5—2-51 T 25°C K = 0.0700 Bz0H or Acet 5-HC1 
0.0610 AAE 5-HCL 


All irradiated samples received 4000 r air dose & 
400 r/min. 
Adjusted air dose rd 3 
BzOH 4170 ra 
AAE 4100 rad 
Acet 3170 rd 


Tabulation III, Series I 200 Kev X-raytests, 


ae 
min 


OuL-1 Bz0H 0.01842 Gw 86.0 |91.5 | .037 0.53 
i 
2 
a 
4 
5 
6 
bat f 
| 8 
O-M-1 BzOH 0.00921 GW 
1 
2 5.4 
4 76.4 
4 57.3 
5 91.5° 
6 85,3 
4 78.5 «SO 
8 64.6 71 
0-N-1 BzOH 0.00460 GW 94.9 eo 
1 92.6 -A7 
2 80.2 ~70 
3 94 
4 76 
5 254 
T 
ee: AT 
0. 64 
ae tii, 
6) 
| 
: 2 
3079 
: 
| O-U-1 BzZOH 0.03 GW 0) Oo fes6 (Tis 1.142 1.60 
LO-U-1 - 40018350 | 29.4 | 31.3 |.505 FOO NOGOTY 
LO-V-1 B20H 400|}8350 |97.9 


% T @6400 A 


| 


O-L-I BzZzOH 0.01842 Gw 


-M-1 BzOH 0.00921 GW 


DONAMW PUD RPO ONO FUNrH O 


D-N-1 BzOH 0.00460 GW 


i asigiaialaialaan 


| O-Uel BZ0H 0.03 GW ar 


LO-U-1 400| 8 350 
O-V-1 BzOH fe) O 
LO-V-1 B20H 400| 8350 
Acet fe) 1@) 


Tabulation III, Series I 200 Kev X-raytests, 


a 
mi } 


% T @6400 A 


ANIDN LAA NA~0ON Bu 


Wen SNP ON WS 


+ 


ma Me OOHOOOO nr 
* 


ie 


5.0 cs 
a 0 
is 1 
4 2 
= 3079 
Tied | «312 1.60 
31.3 abe Oho) twee GO ,67L 
00.0 


gt 0-3 BzOH 
Pea 


 ¢ Bz0OH 
11 BzOH 
} 12 " 
13 Bz0H 
O1-L=3 | 82z0H 
4 BzOH 
K ¢ Bz0OH 
21 BzOH 
12 Bz20H 
pe BzOH 
O1-M-3/Acet 
4 Acet 
7 Acet 
11 Acet 
12 Acet 
lie Acet 
O1-N-3 |AAE 
AAE 
7 AAE 
3 AAE 
12 AAE 
+ AAE 


Tabulation III, 


5 LG a 
min 


e052 5MGCN 
"  MGCN 
MGCN 

052 SMGON 
MGCN 
MGCN 


002 
002 


MGH 
MGH 


202 
292 


MGH 
MGH 


202 MGH 
.02 MGH 


202 
202 


MGH 
MGH 


202 
202 


MGH 
MGH 


202 
002 


MGH 
MGH 


400 sei 


4170 
O 
O 


400.|4170 
fe) 

0 

4170 

O 

0 

400 |3170 
O 

0 

3170 

) 

0 


400 |4100 
O 


\e) 
4170 
6) 
fe) 


Series III 200 Kev X-ray Tests, % 


46.5 
88.1 


OM OM 
in OVOVUT OVO 


8 
92.4 
100.0 
4605 


4,44 
0,49 


4.74 
0.53 


10.53 


» {10.21 


am ee TA 


10,21 
8.83 
8,00 


11.04 
8.00 


5 (15.48 
s) 14.90 


14.70 


TW Dat a 


0.944 


1.010 


0. 386 


) 242 


Tat 6400 A. 


Sw 
SW 
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Use only CePs Reagents end Absolute “olvents,. 

| 1) To a ecld filtered 1 percent sacucous solution of 2.32 grams 
of Malachite Green Oxalate, adaé - eold sstureted sclution of 

“1,5 graeme of KCN. Collect the precipitate, wash with dis- 

tilled water. 
2) Dissolve the crude precipitate in cold 1% 401, allow to 
stané with mixing for one hour, *recipitete esrefully with 
cold 27 NH,CH. The leucoeyenide will preeipiteate before 
complete decolorigation of the solution, Collect, wash and 

| air dry precipitate st room temperature. 

d 3) Under reduced illuminetion, (red enfelight) dissolve the 

erude leucocyanide in 100ce of an ageotrepic mixture of 

Ethyl Acetate and Methyl Aleohol (50% by volume), filter, 

Ad@ SO ee of Methyl Alechol, lee Acetone, end 1 or 2 drops 

of Glacial Acetic Acid. S8apidiy distil off 110 co of the 

mixture, cool the remainder until oryetellization, with rapi4 

mixing, is complete, Collect crystals, wash on filter with 

i0ee Methyl Aleochol., “sve filtrate. 


4&4} Repest (3) seven or sight times to remove «11 treess of 
color. Cheek for free eysride, with ENO ay in at. alecholic 
Solution. In acidified solution, « precipitete indilenates the 
probable presasnce of cyanide, 

5) Seduee ell filtrates by evaporation, as in sert (3), ree 
cover leucceyanide by (4). 


6S) After finel reeryatsllisetion, collect on filter, dry in 
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vacuum at room temperature, M.?. 176%. Theor, Yield 1.77em. 
7) This procedure is designed to romove «ll free cyanide ime 
purities and 211 undesired color conteminetion, It will not 
remove compounds similer in solubility end chomienl stability 

te the leucocyenide, This method of prevsration should apply 
to ell of the triphenylmethane dye leucocyaniies. 


8) A 250 milligram seaple of malachite green loucocyanide, 
recrystellized 3X gave the following analysis: 


a tiss oe aaeee canes “teres 178414179.68°C. 
Speetrophotometric 


lor at 6400% measured oa 0,01 ¢£ 
by weight as neaaaakte BPeOns 


Semple AMS, Seference No. 11197 dated 4 May 1951 


iesl Leborstory 
1044 ¥. Ste, PoOe Box 139, Urdana, T1l. 
cried (room soups! WAGs 
ercent by vetey 
verage Theory 
C 80,95" B10 ‘Bios $1.10. 
; 720 6499 Talo 7.09 


11,87 13°63 11.78 11681 
Other 9.10 
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Tabuletion of chemien] structures referred to in text, 
with common end technien] nomencistures 


WC cis) 


ht cu s)o 


ae Green Oxalate 


NO em nee 
S- Np% Minerel fields, Orgs Solvents, 


aceay 


Maleehite Green Leuveceyanide inne. 
(4,4° stotramethy141eminotriphenyl- 


acetonitrile) 
MeWe ~¥ 
ree p 2 s 
a. iy nce a. stone, ACOH, + 
« mineral 


Malechite Green Leucoearbinel (Color 
Sase) (sbor. MGOH) 
(4,4 wat edooas "joie 


yy oy 


MePs 1 


te ohn? "51.8. MeOH, “t0CH 


eme as leucocyenide) 
Age Minerel scida «« dye anlt, 


Malachite Green Leucobese (Abbr, MGH) 
(4, or 


Mews 330045 
MePs 530%, "10280, 
Selubility seme ss Leucocyenifes, 


Yjgeelers Ketone 

Lae ee 

MeWe eae 

MePs 174 Colorless in benzene. 

Selability seme aa leucoeyenide 
but also soluble in 4il, alkelt. 


; RII, CH{COCHgCOCKslis 


age % Pare RO.» 69 
ine 
se 
TemsO oc mece, BLOM, Re 
™ * Ether, ¢3,, seotone, 


3Jengene Mev, yr 
Ge 3S Os879 Hels = 
(Abbr. 8s) G.%— 2 80 


vebhenol HeWe @ 30,04 
a = 9e792 MePs = . C 
(abbrsMeOH) 7, 2 64,7°C 


Aeotic Acia H.W, 2 60.05) 
Ae £1,049 MaPs 2 16 § 
(AbbreAcot) 8.2. 11861 


Agetons Mel, = 
& 2 Oe792 MePe = tte 
(abbreAcet) 8.7. = Cc 


ry ak Sleohel 

a 10043 Mee S 108,51 

{ «bdr, 3208) Mel. = #15," c 
BP. & 204.7% 


Ethyl ‘Acetonestete 

(*eetoscetic sster) 

Qo 3216085 Mets 31 14 

{Abbr.AAZ) Meh. & eos 
SP, 8 180"C 


ie fui Oy A Ceara ee es eee & 
f Mh Wat) abs a | 


ip cnstndponpden Pee Hoe To 


sa saheic ot orate, res, 
of « 9094 *s etee aie 


(e) Dri + vilm $9987 
Generel Tleetric, Schenectady, '.¥. 


(4) Bensene, G.?, 90,0 « 80.5% 
JeTe Baker Chonienl Co, | 
Philiipsburg, .¥. Thiephene Free. 


(e) Melechite Green Myérochloride 
Coleman & %e11 OOes Horwood, Chio 


(f) Bethyl Alcohol, CePs, ACS, Absolute 
Goleman & 3e11'co ++ Hamrood, ohio 


(g) Senayl Aleohol, G.Ps 
Colemen & Sell Co., Norvood, Chico 
{h) Acetone, 
| Coleman’ fe “Sell ibn Norwood, Chico 


(4) fthyl Acetoncetate, Cas 
“astman Fodek Co., “ochester, N.Y. 


(j) thyl seetete, Corse | 
Goleman & Beli Cos, Norwood, Ohio 
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